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26
What is the central question on this study?
27
We sought to examine whether curcumin could ameliorate skeletal muscle atrophy in diabetic 28 mice by inhibiting protein ubiquitination, inflammatory cytokines and oxidative stress.
30
What is the main finding and its importance?
31
We found that curcumin ameliorated skeletal muscle atrophy in streptozotocin-induced diabetic 32 mice by inhibiting protein ubiquitination without affecting protein synthesis. This favorable effect of
Introduction
60
The number of patients with diabetes mellitus (DM) has been increasing steadily in 61 industrialized countries. DM is a major risk factor for atherosclerosis, which increases the incidence of 62 cardiovascular diseases. In addition, various complications can adversely affect the quality of life.
63
Skeletal muscle atrophy has been reported to be associated with DM, especially type 1 64 diabetes (T1DM) (Nair et al., 1995 
69
Weight loss associated with skeletal muscle atrophy is tightly associated with increased mortality and 70 decreased exercise capacity, which are major clinical problems (Griffiths, 1996) . Skeletal muscle 71 atrophy in these conditions has been caused by protein degradation pathways, especially the ubiquitin- 
73
Ubiquitin binds to the substrate of targeted proteins via the ubiquitin-activating enzyme (E1), 74 ubiquitin-conjugating enzyme (E2), and ubiquitin ligase enzymes (E3), which activate the proteolytic 75 signaling pathway (Mitch & Goldberg, 1996 Figure 1A and B) . Change in body weight after 14 days was significantly larger in 211 DM mice than Control mice ( Figure 1C ). The diet with curcumin in DM mice significantly attenuated 212 changes in body weight without affecting plasma glucose and insulin level (Figure 1A-C) .
214
Skeletal muscle weight and myocyte cross-sectional area
215
In parallel with the changes in body weight, the significant reductions in the rectus femoris 216 and gastrocnemius muscle weights in DM mice were attenuated by the treatment with curcumin 217 (Figure 1D, E) . There was no significant difference in the soleus muscle weight among the groups 218 ( Figure 1F ). The myocyte cross-sectional area of gastrocnemius muscle was significantly smaller in 219 DM mice than Control mice, and was partially improved in DM+Curcumin (Figure 1G, H) .
221
Ubiqutin-conjugated protein and ubiquitin E3 ligase in the skeletal muscle
222
Ubiquitin-conjugated proteins are shown as smears at their molecular weights (Figure 2A ).
223
They were significantly increased in DM mice compared to Control mice, and were significantly 224 decreased in DM+Curcumin mice ( Figure 2B ).
225
Gene expressions of muscle-specific E3 ubiquitin ligases, Atrogin-1/MAFbx and MuRF1,
226
were measured using real-time RT-PCR (Figure 2C, D) . These mRNA expressions were significantly 227 increased in DM mice compared to Control mice, and were significantly decreased in DM+Curcumin 228 mice.
230
Inflammatory cytokines in the skeletal muscle and serum
Gene expressions of TNF-α and IL-1β were significantly increased in DM mice compared to
232
Control mice, an effect that was significantly suppressed in DM+Curcumin mice ( Figure 3A, B) .
233
Likewise, serum TNF-α and IL-1β were significantly increased in DM mice compared to Control mice, 234 but did not differ between DM and DM+Curcumin mice (Figure 3C, D) .
236
Oxidative stress in the skeletal muscle
237
O 2 -production and TBARS were significantly increased in DM mice compared to Control 238 mice; these effect were significantly inhibited in DM+Curcumin mice (Figure 3E, F) . 
246
Apoptosis and autophagy-related protein in the skeletal muscle
247
The expressions of apoptosis-related molecules, cleaved caspase-3, autophagy-related 248 molecules, Atg12-Atg5, and LC3II were significantly increased in DM mice, and did not differ 249 between DM and DM+Curcumin mice (Figure 4D-F) .
251
Protein synthesis in the skeletal muscle
252
Circulating and skeletal muscle IGF-1 levels were significantly decreased in DM mice 253 compared to Control mice, and did not differ between DM and DM+Curcumin mice (Figure 5A, B) . 
265
Therefore, the inhibitory effect of curcumin on skeletal muscle atrophy was due to the inhibition of the 266 UP system via regulation of inflammation and oxidative stress.
267
Oxidative stress has been reported to be increased in STZ-induced DM, which is also (Figure 3E, F) . Therefore, our data suggest that the favorable effects of curcumin may be 274 due to an anti-oxidant property (Figure 3E, F) . On the other hand, proinflammatory cytokines such as 
